Background: Patients diagnosed with Crohn disease (CD) are known to be at an increased risk of bowel cancers and lymphoma. CD is an autoimmune disease and we hypothesize that the patients are predisposed to a wider spectrum of cancers.
introduction
Crohn disease (CD) is a common inflammatory bowel disease, in which nonpathogenic, commensal intestinal bacteria are thought to trigger a chronic dysregulated immune response against the mucosal barrier function [1, 2] . CD is considered an archetypical inflammatory barrier disease, which is characterized by disrupted barrier function maintenance by adaptive and innate immunity. Other diseases in this category include ulcerative colitis, atopic eczema, asthma, sarcoidosis and psoriasis [1] . Family history is a strong risk factors of CD, which has been observed both in family and twin studies [3] [4] [5] [6] . Accordingly, several susceptibility genes for CD have been identified [1, 7] , including nine associated loci detected in a single genome-wide scan [8] .
CD patients are at an increased risk of many cancers, and colon cancer has been regarded as the most important cause of excess mortality in the patients [9] . A meta-analysis published in the year 2007 identified 34 studies and 60 122 CD patients who had been studied for subsequent cancers [10] . Colon and small bowel cancers and lymphomas were in excess; additionally, extraintestinal cancers were marginally in excess (relative risk 1.23) but no single site alone reached statistical significance. The medication for CD has changed over time and there is a need to follow the trends in cancer in the patients. While the traditional medication by 5-aminosalicylates is believed to provide some protection against colorectal cancer [11] , immunosuppressive agents, including methotrexate and azathioprine, are carcinogenic [12, 13] . Around 1999, tumor necrosis factor (TNF) antagonists were taken into clinical use, particularly for patients with a severe disease, with emerging data on the associated risk for lymphoma [12] [13] [14] [15] .
We identified a total of 21 788 hospitalized CD patients throughout Sweden and followed their cancers from the National Cancer Registry. We carried out a detailed study on cancer risks in CD patients with a hypothesis that cancer risk could be shown at many sites, typical of an autoimmune disease. Compared with the similar studies recently reviewed [10] , the present one is more than three times larger than any of the published ones outside Sweden; the one Swedish study with a matching size of CD patients considered only lymphohematopoietic neoplasms [16] . The size of the present study allowed us to consider risks at many cancer sites for which the earlier studies have been underpowered. We have no data on the medication but we followed separately CD patients who were first hospitalized after 1999 in order to search for indications of changing cancer trends after renewed medication.
patients and methods
The CD research database was constructed by linking several national Swedish registers. Statistics Sweden, the Swedish government-owned statistics bureau, provided the Multigeneration Register with data on the population, covering 11.5 individuals. Linkages were carried out to national census data, in order to obtain individual occupational status which was included because of its potential association to cancer. The final link was made by adding individual data from the Swedish Hospital Discharge Register that records data on all discharges with dates of hospitalization and diagnoses since the 1960s with a complete nationwide coverage since 1986. All linkages were carried out by the use of an individual national identification number that is assigned to each person in Sweden for their lifetime. This number was replaced by a serial number for each person in order to provide anonymity. The serial number was used to check that each individual was only entered once, for his or her first appearance with a CD diagnosis. The Cancer Registry records all new cases of cancer and close to 100% of the cases are histologically or cytologically confirmed at a full national coverage [17] . A four-digit diagnostic code according to the 7th revision of the International Classification of Diseases (ICD-7) was used.
outcome and adjustment variables CD patients were retrieved from hospital discharges reported according to ICD-7 (1964 ICD-7 ( -1968 , codes 572.00 and 572.09), ICD-8 (1969 ICD-8 ( -1986 , code 563.00), ICD-9 (1987 ICD-9 ( -1996 ) and ICD-10 (1997-, code K50). A total of 21 788 CD patients were identified. Using codes for operations, we were able to identify 578 patients who had undergone colectomy; these patients were removed from the analysis because they were at a decreased risk or no risk of colon cancer. 
statistical analysis
Person-years were calculated from the first hospitalization for CD until cancer diagnosis, death, emigration, or closing date, 31 December 2004. Standardized incidence ratios (SIRs) were calculated as the ratio of observed (O) to expected (E) number of cases. The expected number of cases was calculated for age (5-year groups), sex, period (5-year groups), region and socioeconomic status-specific SIRs for the population without CD.
results
Among 21 788 CD patients hospitalized for the first time during the years 1964-2004, a total of 1424 patients developed cancer after being hospitalized for CD, giving an overall SIR of 1.52 ('All') and an SIR of 1.29 for cancer diagnosed later than 1 year of the hospitalization (1+), as shown in Table 1 . Only sites with at least 20 cases for the whole period were included; none of the rarer sites showed a significant difference, including Hodgkin's disease ['All': N = 8; SIR = 1.39; 95% confidence interval (CI) = 0.59-2.75]. We show separately data for 'All' and 1+ because for some cancers the risks were very high during the first year, probably because of a concomitant diagnosis of CD and cancer; however, significant increases in SIRs agreed for most sites for the 'All' and 1+ periods. We prefer to discuss the results for 'All' because even the cancers diagnosed within the first year were true diagnoses, verified as any other cancers in the Cancer Registry. The highest SIRs for 'All' was noted for small intestinal cancer (SIR = 13.82), followed by colon, liver, testis and kidney cancers and nonHodgkin's lymphoma (SIRs between 2.0 and 3.0). Increased risks were observed even for common sites, such as the lung (1.50) and the prostate (1.19). For most significant sites, the SIR did not systematically change according to the length of the follow-up period, even when <1 year was excluded.
Some more detailed analyses were carried out for some sites (data not shown). Histology-specific analysis for small intestinal cancers showed that adenocarcinoma was increased more ('All': N = 26; SIR = 20.00; 95% CI = 13.05-29.34) than carcinoid tumors (N = 28; SIR = 13.46; 95% CI = 8.94-19.48). Adenocarcinomas were increased throughout the follow-up period, whereas carcinoid tumors were in excess only in followup periods <5 years. For testicular cancer, seminoma and nonseminoma histologies were analyzed separately. The excess was mainly due to seminoma ('All': N = 14; SIR = 2.74; 95% CI = 1.49-4.61); none of the SIRs for nonseminoma were significant. For nonthyroid (other) endocrine tumors, only parathyroid adenomas were in excess ('All': N = 31; SIR = 2.42; 95% CI = 1.64-3.43). Two specific leukemia subtypes showed an increase: acute myeloid leukemia ('All': N = 12; SIR = 2.02; 95% CI = 1.04-3.55) and chronic myeloid leukemia ('All': N = 10; SIR = 3.65; 95% CI = 1.74-6.74). For the former, however, the only significant period was <1 year after diagnosis, while for the latter no cases were noted in the early period ('All 1+': N = 10; SIR = 3.76; 95% CI = 1.79-6.94).
The effect of age at first hospitalization for CD is shown in Table 2 . For all sites, a small increase in SIR was observed for those hospitalized at an old age. There were, however, large differences in the trends for hospitalization age by site. Colon, rectal and liver cancers were increased most in those hospitalized before age 25 years. Stomach, small intestinal, pancreatic and lung cancers; endocrine tumors and nonHodgkin's lymphoma showed the highest SIRs in those hospitalized at ages >63 years.
In order to study periodic effects with respect to the changing therapeutic regimens, we analyzed separately cancer risk in CD patients who were first hospitalized before the 1990s, in 1990-1998 and 1999-2004 (Table 3) . Separate analyses were done for those diagnosed <1 and 1-4 years after hospitalization. The overall SIRs were equal or higher for patients diagnosed after 1998 compared with those diagnosed earlier. The SIRs at individual sites were too few to allow conclusions about trends. Only considering the period 1-4 years after hospitalization, small intestinal and liver cancers, however, were increased more in the last compared with the earlier periods. Breast and endometrial cancers were increased only in the last period <1 year after hospitalization. original article
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Hospital Discharge Register offer an excellent and unbiased opportunity to revisit cancer risk in CD patients. Using data on operations, we were able to remove the patients with colectomies from the study population. We hypothesized that the risks should be shown at many sites, typical of an autoimmune disease. The diagnostic accuracy for hospitalized cases of CD has previously been estimated in Sweden by comparing the hospital discharge data with regional registers with individually reviewed patient data [16] . The concordance for the specific types of inflammatory bowel disease was 96%. According to that article, 69.2% of the patients in the regional registers with apparently complete catchment of CD patients were found in the Hospital Discharge Register. This figure is, however, an underestimate because the regional registers were started a decade before the Hospital Discharge Register and three decades before it reached a nationwide coverage. Nevertheless, for studies of the present kind, diagnostic accuracy rather than coverage of all cases is crucial, yet with the caveat that severe cases are most likely to be hospitalized.
The previously established sites, the small intestine, colon and lymphatic system (non-Hodgkin's lymphoma) were confirmed. Rectal cancer was also in excess for the whole follow-up period but not for the follow-up starting 1 year after diagnosis (1+). These sites showed the highest SIRs, notably the small intestine with an SIR of 13.82 and its adenocarcinoma histology with an SIR of 20.0. In the published meta-analysis, the relative risk of small intestinal cancer was 15.43 when large population-based studies were considered [10] . In this metaanalysis the risk for colon cancer was 2.59, compared with the present 2.93; no increase in rectal cancer was noted in the metaanalysis, compared with the present 1.55. The only other significant increase in the meta-analysis was lymphoma, with a relative risk of 1.42; in the present study only non-Hodgkin's lymphoma was significant with an SIR of 2.54. As there were 10 times more cases for non-Hodgkin's lymphoma than for Hodgkin's disease (with a nonsignificant SIR of 1.39) in the present study, the joint lymphoma risk would be higher in the present study than in the meta-analysis. The previous Swedish study, covering 19 024 hospitalized CD patients up to year 2000, reported an SIR of 1.55 for non-Hodgkin's lymphoma [16] . In that study, however, the cases diagnosed during the first year of follow-up were excluded, corresponding to the present SIR of 1.87 ('All 1+'). Chronic myeloid leukemia was also in excess, SIR of 2.80, compared with the present SIR of 3.76 ('All 1+').
The spectrum of cancers that were increased after CD included many sites that have not been reported before [10] : liver (borderline increase has been reported before [27] ), pancreas, lung, prostate, testicular, kidney and (squamous cell) skin cancers; endocrine tumors and leukemia. SIRs >2.0 were, however, noted for the novel sites of the liver, testis and kidney. For testicular cancer, seminoma rather than nonseminoma was in excess. Interestingly, a significant increase in lung cancer was observed only in the longest follow-up group. With increasing survival in CD, lung cancer may original article Annals of Oncology become another major cause of excess mortality, approaching colon cancer in significance. The high risks noted for nonHodgkin's lymphoma and squamous cell skin cancer resemble the spectrum of cancers observed after immunosuppression, suggesting the underlying role for autoimmunity [28] [29] [30] [31] . Recently, >30 susceptibility loci were described for CD, reinforcing the previous understanding of CD pathogenesis regarding dysregulated host-bacterial interactions through altered autophagy and innate immunity [6, 7, 32] . It is likely that CD is often diagnosed before the first hospitalization. In a previous Swedish study on inflammatory bowel disease patients diagnosed up to 1990, the median delay time for hospitalization was 0.5 years (mean 4.4 years) [16] . Thus, the data in Table 2 refer to the maximal age at diagnosis and those in Table 3 to the latest possible period for hospitalization. Cancer risks depended on the age at first hospitalization for CD but the trends varied extensively by cancer type. The SIRs for colon, rectal and liver cancers declined by age at hospitalization, and for the two latter ones no excess risk was seen in CD patients hospitalized after age 63 years. By contrast, stomach, small intestinal, pancreatic and lung cancers; endocrine tumors and non-Hodgkin's lymphoma showed the highest SIRs in those hospitalized at ages >63 years. Although we have no scientific explanation to these agedependent differences, the sites most severely affected by fulminate inflammation showed the highest risk in those hospitalized at an early age. Risks at more distant sites, where the effects were mediated through systemic immunity, followed the overall age-dependent increase in cancer. These simplified conclusions, however, may be biased by the high cancer risks during the first year of CD diagnosis. We were also planning to follow the trends of cancers with respect to the changing spectrum of medication, particularly in regard to the introduction of TNF antagonists since 1999 [12] [13] [14] [15] . The sparseness of individual cancers, however, did not allow conclusions about the trends in towards the end of the follow-up period.
In summary, the follow-up of CD patients showed a pattern of increased risk for many subsequent cancers that have not been reported before, probably because of the high statistical power of the present study. 
